Burkholderia pseudomallei K96243, the causative agent of melioidosis, is reported to produce various extracellular products, including proteases. The role of these proteases in the melioidosis, however, remains obscure. Previous findings have hinted at the inherent pathogenicity of the protease during B. pseudomallei K96243 infection. We chose to study the two major families peptidases, i.e. serine peptidases and metallopeptidases present in B. pseudomallei K96243. The data mining revealed eighty ORFs (open reading frame) that potentially code for these peptidases and have prominent homology with B. pseudomallei K96243 based on prediction of function by bioinformatics approach. The annotations and classification lead forty eight and thirty two putative peptidases belong to serine peptidase and metallopeptidase, respectively. The distribution of 98% from the identified putative peptidase belongs to endopeptidases (EC 3.4.21. and EC 3.4.24.) and exopeptidases (EC 3.4.11., EC 3.4.13., EC 3.4.14., EC 3.4.16. and EC 3.4.17) and another 2% belong to EC 3.5.
Introduction
Melioidosis, a life-threatening disease affecting both human and animals, comprises a broad spectrum of disease presentations resulting from infection with the gram-negative bacterium B. pseudomallei [1] . The disease is a major cause of community-acquired septicemia and acute pneumonia [2] . The infection is endemic to Southeast Asia, Northern Australia and temperate areas that lie near the equator [3] . B. pseudomallei K96243 is a Gram-negative, motile, an aerobic and non-sporing bacterium [4] . The genome of this bacterium consists of two circular replicons of 4.07 Mb and 3.17 Mb each with a high G + C content. The recent completion of the B. pseudomallei K96243 genome provides a basis on which to identify new peptidases.
Peptidases are important enzymes that are present in all cellular organisms. Commonly, between 1% and 2% of all protein coding genes in a genome encode peptidases and their homologues. Peptidases catalyze the cleavage of peptide bond and provide a source of amino acids for protein manufacture by degrading extracellular proteins and by recycling intracellular proteins. In addition, the pathogenic bacterium uses peptidase for their life cycle and for infection of host cells. Therefore, peptidases are important drug targets because pathogens utilize peptidases for tissue invasion and uncontrolled endemic proteolysis can lead to serious illness [5] .
The MEROPS database provides a catalogue and classification of peptidases based on their catalytic substrate and structural similarity [6, 8] . There are six different catalytic types (aspartic, glutamic, serine, cysteine, threonine and metallo). The classification system divides peptidases into clans based on catalytic mechanism and families on the basis of common ancestry. Serine peptidases are one of the largest groups of proteolytic enzymes involved in numerous regulatory processes. Serine peptidase cleaves the peptide bond by nucleophilic attack of the serine hydroxyl group on the scissile carbonyl bond. Metallopeptidases, in which zinc is an essential metal ion for the catalytic activity, are produced by various human pathogenic microorganisms. The peptidase produced by opportunistic pathogens show a wide variety of pathological action, because they have proteolytic activity toward many kinds of host proteins, such as structural components of the ground substances and plasma protein. Some bacterial exotoxins including clostridial neurotoxins, B. fragilis enterotoxin and B. anthracis lethal factor are also zinc metallopeptidases [7, 9] .
In this paper, a complete survey report of serine and metallopeptidase homologs in the predicted and annotated B. pseudomallei K96243 genome [4] . Our initial comparative sequence searched identified eighty putative peptidases. This study helps to develop an integrated view of a number of novel peptidase within an organismal, evolutionary, functional context and active sites. We also discuss specific serine peptidases and metallopeptidases with numerical code that drawn from the hierarchy of the Enzyme Commission (EC) codes assigned by the Commission on Biological Nomenclature of the International Union of Pure and Applied Chemistry (IIUPAC).
Materials and methods

Analysis and data mining of peptidase sequences
A total of 3065 non-redundant query sequences of characterized and predicted proteases were obtained by using text searched from a few databases like MEROPS (http://merops.sanger.ac.uk/ release 9. . A cut-off criteria of e-value < 1e-104 was adopted to define peptidase homologs. Artemis V.7 is used to annotate functions and derived complete coding sequence (CDSs) and redundant sequences were excluded. BLAST (Basic Local Alignment Search Tool) analysis of the putative peptidase against GenBank non-redundant (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Conserved domains/motifs in B. pseudomallei K96243 sequences were identified by searching InterPro, which integrates Pfam 24, PRINTS 40.0, PROSITE 20.52, ProDom 2006.1, SMART 6.0, and TIGRFAMS 9.0 (http://www.ebi.ac.uk/Tools/InterProScan/ release 28 of Aug 11, 2010) . Multiple alignments were obtained by ClustalX (http://www.clustal.org release 2.0.12 of Jun 4, 2010) followed by manual editing according to the structure information. Graphic presentation of the alignment and the consensus sequences were deduced by the program BOXSHADE release 3.21 (http://www.ch.embnet.org/software/BOX_form.html). Phylogenetic tree are viewed by using JalView 2.6 (http://www.jalview.org/ release Sep. 26, 2001).
Results and discussion
Data Mining Approaches Revealed Eighty Serine peptidase and Metallopeptidases
Forty-eight and thirty-two peptidase homologues are identified to belong to serine peptidase clan and metallopeptidase clan, respectively, by using the annotated B. pseudomallei K96243 genome. We adopted a relatively stringent threshold of E ≤ 1e-104 for BLASTP to ensure the high coverage with low false-positives. Redundant hits and partial sequences were excluded, resulting in a total of eighty peptidase homologs (Table  1) . Thirty-three peptidases have been previously characterized by annotation published in Sanger BP database are included. The domain and motif orderliness of predicted peptidases was unveiled by the application of InterProScan. Known peptidase sequences from MEROPS database [8] were used as references in annotating for each putative peptidase. Pairwise and multiple sequence alignment were used to predict the peptidase unit and conserved catalytic residues accordance to the known peptidase.
It detected a total of forty seven putative peptidase homologs in addition to thirty three predicted by official annotation (Table 1) . Eighty putative peptidases belong to thirty-eight families of twenty-three clans compared to the previously annotated peptidases that belong to twenty-three families of fifteen clans. Each of putative peptidases was determined the catalytic residues by using a homology alignment with known peptidase.
Peptidase classification based on Enzyme Commission (EC)
Previous peptidases classifications are based on evolutionary similarity [8] and reaction mechanism [9] . It is difficult to predict the function of peptidases by transferring annotation via homology because structural similarity does not always correspond to catalytic similarity. The annotation of function via homology is further complicated for peptidases due to convergent evolution and several studies have reported cases of the same catalytic function evolving independently [10] . The next peptidases classification is based on the Enzyme Commission (EC) which is the systematic approach to the nomenclature and classification of enzymes.
The distribution result of the identified peptidases classified based on Enzyme Commission (EC) is shown in Fig. 1 . EC classification scheme has traditionally been used to define the function of an enzyme. The scheme is a hierarchial organization of enzyme reactions into six main classes (oxidoreductases, transferases, hydrolyses, lyases, isomerases and ligases), which are then split by a further three hierarchical levels. Each reaction is represented numerically in the format a.b.c.d., where a is one of the six classes and d corresponds to an individual reaction.
There was only hydrolases classes (EC3) have been distinguished from a total eighty identified peptidases and comprised two type of compound/group involved which are EC3.5 (carbon-nitrogen bond) and EC3.4 (peptide bond). Only a peptidase from S45 family has predicted belongs to EC3.5 and the rest of 79 peptidases are hydrolases acting on peptide bond. There are seven groups specified based on the nature of reaction: EC3.4.11 (aminopeptidases), EC3.4.13 (dipeptidases), EC3.4.14 (dipeptidyl and tripeptidyl-peptidases), EC3.4.16 (serine-type carboxypeptidase), EC3.4.17 (metallo-type carboxypeptidases), EC3.4.21 (serine endopeptidases) and EC3.4.24 (metalloproteases) and each group comprised 30.8%, 3.8%, 2.6%, 12.7%, 1.3%, 27% and 20.5% respectively. Although EC3.4.11 has the highest percentage of peptidases but the group consists both serine and metallopeptidase unlike EC3.4.21 and EC3.4.24 which only have either serine or metallopeptidases. 
Conclusion
In this study, we have characterized 48 serine peptidases and 32 metallopeptidases based on their functional domains and active sites by making comparisons with known peptidase functions. The collection of 80 peptidases has been characterized based on EC group. The group of the peptide bond (EC3.4) accumulated about 98% of the total peptidase that has annotated. The classification for both serine and metallopeptidases to the peptidase family facilitate identifying the potential peptidases which contribute as virulence factors.
